Christensen S. N.: Notes on epilithic and epigeic lichens from granite and gneiss outcrops in mountains of Makedonia, Greece, with emphasis on northern species. 
Introduction
Lichenological investigations of Greece has a long history resulting in a total of 1296 taxa (Abbott 2009 ). Since then the number has been raised by nine (Sipman & Ahti 2011) , four (Sipman 2012) , 27 (Christensen & Alstrup 2013) , 13 (Christensen 2014 ) and seven (this paper) bringing the total number up to 1356. Considering the varied geology and topography and the number of vegetation zones present, this number is certainly far too low.
Historically lichenological papers have mainly focussed on floristic data, reporting the presence of species from different areas (e.g. Zahlbruckner 1906 ; more references in Abbott 2009 ). Only few papers deal with the lichen flora of specific substrates or biotopes (e.g. Steiner 1893; Krause & Klement 1962) . During the last three or four decades a number of papers have focussed on recording lichen floras of different substrates. Zoller & al. (1977) recorded the epigeic and epiphytic lichens and mosses in woodlands in the mountains of N Greece. Christensen (1989 Christensen ( , 1994a Christensen ( -b, 1995b Christensen ( , 2000 Christensen ( , 2007 Christensen ( , 2014 ; Mucina & al. (2000) ; Pirintsos & al. (1993 Pirintsos & al. ( , 1995 Pirintsos & al. ( , 1998 and Riga-Karandinos (2000) reported on epiphytic lichens from a number of trees and shrubs. Epigeic lichens were treated by Papp & al. (1999) and Christensen & Alstrup (2013) . In contrast, the lichen floras of different bedrocks have only been treated in a few papers (Christensen & Alstrup 2013; Sipman & Raus 1999) .
Except for Mt Olymbos (e.g. Hayek 1928; Szatala 1959; Christensen 1995a) , the high mountains of the Greek mainland are under-collected compared to the lowlands and the islands, and Kriti in particular. In the lowlands and the islands and on Mt Olymbos hard limestone (including dolomite and marble) is the predominant bedrock. Limestone lichens are, therefore, relatively well represented in the total list of Greek lichens (Abbott 2009 ). Serpentinite and acidic crystalline rocks, which are found as intrusions in the limestone rocks of the higher mountains and some islands, have not been much studied lichenologically (Krause & Klement 1962; Christensen & Alstrup 2013) . This applies particularly to the plutonic and metamorphic rocks of the high mountains.
In a study on lichens of different rock types Christensen & Alstrup (2013) reported a number of species with northern distribution patterns, many of which were not previously published for Greece, e.g. Cornicularia normoerica, Dermatocarpon intestiniforme, Melanelia stygia, Rhizocar pon eupetraeoides, R. ferax, Rhizoplaca chrysoleuca, R. melanophthalma and Spo rastadia testudinea. Such an array of species indicates that rock outcrops elsewhere in the high mountains of Greece might harbour Arctic-Alpine species and that they are in fact more widely distributed than publications so far show.
A field trip to mountains with known outcrops of acidic plutonic and acidic metamorphic rocks was conducted to test this hypothesis. In the field, collecting focus was on the northern element of the macrolichen flora. Crustose lichens were only occasionally collected, as were macrolichens with other distribution patterns. The results are presented below.
Material and methods
During one week in September 2013 seven localities in W Makedonia known to have outcrops of granite and gneiss were visited -locality no. 8 in the list below is a supplement to Christensen & Alstrup (2013) with only one species, Bryoria chalybeiformis, reported (Fig. 1) . The locality numbers are given in the species list in brackets, preceding the corresponding collection numbers. Latitudes and longitudes of the localities are map readings.
To distinguish between the Greek region of Makedonia and the Former Yugoslavian Republic of Macedonia (F.Y.R.O.M.) the former is referred to as Makedonia and the latter as Macedonia.
Names of provinces and larger landscapes follow The Times Atlas of the World (1990) . Geographical names for Makedonia follow "Macedonia, 1: 200 000". ROAD Editions, Athens Jul 2010 and "Freytag-Berndt Autokarte, Griechenland, 1: 600 000". Freytag-Berndt u. Artaria, Wien. In the field the nomos maps of the Ethniki Statistiki Ypiresia tis Ellados (National Statistical Office of Greece) no 22: Nomos Kastorias, 1983 and no 46: Nomos Florinis, 1972 were used and some of the names of mountains and summits are only to be found in these maps. Finally the forest map ", "   . Y "" 1: 20 000" was used for the Vron dous mountains.
The nomenclature is largely in accordance with Abbott (2009) . When other names are used, those used by Abbott (2009) are given in synonymy. Whenever specimens are labelled with older synonyms, those are also given.
The Greek distribution of the species was checked against the Greek checklist (Abbott 2009) and Christensen & Alstrup (2013) . Asterisks are used to denote new to Greece (***), new to the mainland of Greece (**), or new to Makedonia (*).
The specimens are deposited in the Natural History Museum of Denmark, Botanical Garden & Museum (C), in the Botanical Museum in Berlin-Dahlem (B) and in the author's private herbarium. 
List of localities
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Results
List of taxa
Epilithic species ***Brodoa oroarctica (Krog) Goward -On top and on N and E sides of granite boulders and granite rock outcrops. (2) 14766; (3) 14873a, 14874, 14875. -"An Arctic-Alpine, northern boreal, circumpolar species" being "saxicolous on highly exposed siliceous … rocks in Alpine areas or tundra heaths ..." (Thell & Westberg 2011 (Wirth 1995) . In the Balkans apparently only reported from Macedonia (Murati 1992; (Wirth 1995) . In the Balkans it has been published from Bulgaria (Mayrhofer & al. 2005 ) and Macedonia (Mayrhofer & al. 2013 They share a number of characters, which they express to different degrees; they are therefore distinguished by a combination of characters, most of which are not exclusive to any of the species ). Specimens with rather broad and overlapping marginal lobes, branched as well as simple rhizinae, marginal isidia in addition to laminal isidia (the latter mainly on ridges in peripheral parts but may also cover large patches of the central part of the thallus), no or occasionally little pruina, upper surface ± foveolate and no lobules or rarely with lobules developed from isidia in the older part of the thallus are here referred to P. serrana. "The world distribution is poorly known and it is hitherto known from southern, central and western Europe and the Canary Islands. The Atlantic preference is less pronounced compared with P. ernstiae" (Wirth 1995) . In the Balkans it has been published from Bulgaria (Mayrhofer & al. 2005 ) and Macedonia (Mayrhofer & al. 2013 ). Pseudevernia furfuracea (L.) Zopf -On N side of granite boulder. (5) 14761. -This mainly epiphytic species is widespread in Greece (Abbott 2009 (Santesson 2011) or is treated as a variety of that taxon (Nimis & Poelt 1987) . In order to bring attention to the morphological variation in the present material of the R. capitata complex, and as the taxonomy seems not to be finally settled, the taxa are here treated at the species level. Thus, R. strepsilis is distinguished from R. capitata by the labriform soralia along the margin of the lobes in addition to the capitiform soralia apically on the lobes (R. capitata in this sense only has the latter type of soralia). As this taxon is often treated as being conspecific with R. capitata, the geographical distribution is not clear. Ramalina strepsilis has, however, been reported several times from Macedonia (Mayrhofer & al. 2013 ). -In Europe it is distributed from the Arctic to the temperate zone, common in the Nordic countries and the Alps, scattered in E Europe and the Balkans, reaching Bulgaria (Kärnefelt 1979 : Fig. 42, Mayrhofer & al. 2005 ). In the Balkans it is also reported from Slovenia (Mayrhofer 2006) , Bosnia and Herzegovina (Bilovitz & Mayrhofer 2011 ), Montenegro (Kneževic & Mayrhofer 2009 ) and Macedonia (Mayrhofer & al. , 2013 
Discussion
At Mt Verno, the principal sampling area, including localities 2 -6, the vegetation zone of the deciduous oaks, the Quercetalia pubescentis, range from 700 -1000 m. From 850 -1700 m the dominant tree species is Fagus sylvatica of the Fagetalia zone (Fotiadis & al. 2005) . In both zones the woodlands have been cleared over large expanses giving room for montane grasslands used for the grazing of livestock (Fig. 3) . The lichens were sampled on granite and gneiss outcrops and boulders in these grasslands (loc. 2, 3, 4, 5, 7, Fig. 2) . On Mt Varnous (loc. 1) and on Mt Verbista (loc. 7) the zonation is similar. At loc. 1 and 6 the lichens were collected on gneiss outcrops and boulders in Juniperus communis thickets. The environment of the localities is open, exposed to wind and sun (the grasslands, Fig. 2 ), or semi-open (the Juniperus thickets). Juniperus communis thickets are indicative of former grazing areas -at least it is the case in N Europe outside fell-heaths and other natural vegetation types. Thus, with the exception of the outcrops and boulders, the biotopes are anthropogenic in origin (Fig. 3) . Christensen & Svane (2009) reported a number of species with northern affinities from mountains of N Greece. Later Christensen & Alstrup (2013) published species lists from different rock types from a number of sites in the mountains of N Greece. They found that crystalline rocks at high altitude harbour a number of species with boreal to Arctic and Alpine distribution. Allowing for the few study sites in the present study, this seems to confirm a connection between crystalline rocks, high altitude and a host of species with a northern distribution type. The outcrops and boulders of granite and gneiss included in the present study were found at altitudes between 750 m and 1800 m. The three Umbilicaria species (U. cylindrica, U. deusta and U. polyphylla) occurred only above 1750 m, while Lasallia pustulata was found as low as 750 m. Cetraria eri cetorum and C. islandica were not found below 1250 m, while C. aculeata was found as low as 950 m (it occurs as low as sea levelLinda in Arcadia 2013). Bryoria chalybeiformis was found above 1250 m. Cornicularia normoerica occurred above 1400 m. Pseudephebe pubescens was found above 1750 m. Ramalina capitata was found above 1400 m and R. strepsilis above 1250 m. Brodoa oroarctica occurred above 1750 m. Lecanora swartzii occurred at 1200 m.
The distribution of the above-mentioned species along the altitude gradient represented by the seven (eight) localities of the present study seems to mirror the geographical distribution of the species: The species found in the highest levels are those with the most pronounced bias toward north in their distribution patterns.
Of the two localities above 1750 m the Umbilicaria species occurred on one (U. cylindrica, U. polyphylla) or both (U. deusta) suggesting that the three species probably are very common on acidic rocks at this altitude. Lasallia pustulata was found at all altitudes in four of the seven localities and seems, therefore, to be rather common. Cornicularia normoerica was found at all four localities above 1400 m. It must be very common on acidic rocks at this altitude. The three Cetraria species are very sensitive to the high grazing intensity of these montane grasslands. They were found as fragmented cushions or as detached lobes patchily in the grass swards. The species were, therefore, not an obvious element in the grassland and could easily have been overseen in some of the localities, as time did not allow for intensive searching. Bryoria chalybeiformis was found at two of the five localities above 1250 m (or three of the six, if loc. 8 is included). It is, therefore, likely to be rather common on acidic rocks at this altitude. The ornithocoprophilous character of Ramalina capitata and R. strepsilis makes it difficult to evaluate their occurrences. Together they occur at four of the seven localities. The presence of Brodoa oroarctica at the two very highest localities underlines its Arctic-Alpine affinity. It may be relatively rare. The same applies to Pseudephebe pubescens, which was found at one of these two localities (above 1750 m).
The findings of this small study, with emphasis on macrolichens from a small number of sites, may indicate that the northern element of the Greek lichen flora is much more abundant than suggested from previous publications. Macrolichens of acidic crystalline rocks of the high mountains are certainly under-collected in Greece. This applies even more to crustose lichens.
